We investigate the conformational changes of pectin molecules in aqueous solution due to heat treatment of the powdered samples of Sugar Beet Pectin (SBP) polysaccharide. Aqueous solution properties of these samples have been studied using Ubbelohde capillary viscometer in the dilute regime. Intrinsic viscosity [η] was estimated for different SBP solution samples prepared from heat-treated SBP powdered samples with different heating time. Results suggest that heat treatment has a significant effect on solution behavior of SBP samples. Intrinsic viscosities decreased with increasing heating time indicating that heat-treated SBP molecules are compact than the untreated one and the compactness increases with increasing heating time at 80 o C. The intrinsic viscosities of these samples were plotted as a function of the corresponding molecular weight of the samples and can be expressed by a power law. The power law exponent was estimated as 1.4 indicating that pectin molecules takes the conformation of stiff polymer chains in dilute solution.
I. Introduction
Pectin is a natural polysaccharide obtained from citrus peel, apple pomace or sugar beet pulp as a byproduct during the extraction of sugar. 1 The major constituent of pectin is a linear sequence of 1,4-linked -D-galacturonyl units (usually referred to as "smooth regions") occasionally interrupted by 1,2-linked -L -rhamnopyranosyl residues and with some of the carboxyl groups esterified with methanol. The chains also have branches (referred to as "hairy regions") in minor proportions consisting of neutral sugars, particularly galactose and arabinose. [2] [3] [4] Commercial pectins are obtained by acid extraction and used as thickener, gelling agent, stabilizer, and emulsifier in the food industry and pharmaceutical applications. [5] [6] [7] Sugar beet pectin (SBP) [8] [9] differs from other pectins in that it has a higher proportion of neutral sugar side chains, acetic acid content, phenolic esters and a higher content of protein material bound to the side chains through covalent linkages. [10] [11] The gel forming ability of SBP is very poor in contrast to other types of pectin obtained from different sources. The factors that may affect gelation in SBP are amount of sugars, proteins, ferulic acid, degree of esterification, degree of acetylation, degree of blockiness, pH, amount of Ca 2+ ions, and Molecular weight, etc.
However, SBP is reported to show a considerable emulsification ability due to its more hydrophobic nature where the proteinaceous materials in the pectin molecules activated the oil-water interface. 12 The presence of higher content of protein material in SBP allow us to explore the widespread application by heat-treating the sample at temperature higher than 80 o C since a heat induced denaturation usually occurs in proteins at T higher than 80 o C. 13 In this connection, it is not unexpected to assume that an effect of the heat treatment on the dilute solution properties such as size of the single molecule and cluster, interaction of the molecule with solvent etc may exists.
The physical properties of a polymer solution depend on solvent, temperature, and concentration. At low concentrations, the polymer chains are separated from each other, where each chain occupies a spherical volume of radius R g . The hydrodynamic volume occupied by a given polymer mass is the intrinsic viscosity, [η], which is a parameter that can be determined by dilute solution viscosity measurements. Intrinsic viscosity probes the interaction of molecular structure with the solution. Several theories of polymer physics [14] [15] relate intrinsic viscosity to molecular properties of polymers such as molecular weight, overlap concentration, radius of gyration, and pore size of concentrated polymers. The intrinsic viscosity values are important for probing biological macromolecular structure and interaction with solution and to characterize the chain shape or the conformational transition of polymer molecules in solution [16] [17] A considerable amount of studies has been done in order to elucidate the solution properties of pectin including SBP using intrinsic viscosity behavior. [18] [19] [20] However, to the best of our knowledge, such study on the heat-treated SBP is still an early stage. The conformational changes in SBP can be caused by heat treatment which is expected to show a change in viscosity behavior or rheological behavior of SBP solution. The present investigation is aimed at to characterization of the heat treated SBP samples in aqueous solution with different concentrations using Ubbelohde capillary viscometer at a constant temperature of T=25 o C.
II. Experimental Section Materials and sample preparation
Unmodified and modified (Heat-treated) Sugar beet pectin samples were kindly supplied by San-eigen F.F.I Inc. Japan and were used in this study without further purification. The molecular weight distribution was determined by SEC-MALLS. Here we used one unmodified sample and four modified samples by heat-treatment. The unmodified and modified samples will be referred to hereafter as SBP and (SBP-A, SBP-B, SBP-C, SBP-D), respectively. Unmodified SBP were heat-treated at 80 o C for different heating conditions as shown in Table 1 . Some characterizing parameters of the samples are given in Table 2 as supplied by the manufacturer. For getting best result distilled water are used here for preparing solution. The powdered pectin samples were dissolved in distilled water and aqueous solution of pectin with the desired concentration was prepared by stirring with a magnetic stirrer at temperature of 25 o C for about 2 hours to ensure complete dissolution. First of all, a 0.1wt% solution of sugar beet pectin was prepared and the solution was mixed with the same amount of water to make C=0.05 wt% sample. In this way, the solution samples were diluted with distilled water to make rest of the samples. A total of 4 concentration samples with C=0.0125 wt%, 0.025wt%, 0.05wt% and 0.1wt% were prepared at the room temperature of 25 o C for unmodified and modified SBP samples.
Method
Solutions of a high-molecular-weight polymer, even at low concentrations, can flow only slowly. Addition of a small amount of the polymer to the fluid can make it viscous, thereby preventing unwanted turbulence in the flow. The proportionality coefficient η is called the viscosity. Viscosity depends not only on the molecular mass but also on concentration and temperature.
The capillary viscometric measurements were performed using an Ubbelohde viscometer at the constant temperature of (25 ± 0.5)•C. The capillary viscometer was filled with 5 ml of sample and equilibrated in a water bath which was under precise temperature control with a temperature controller (CHINO) to maintain temperatures at 25 o C. The sample was passed through the capillary once before the running time was measured. The running times of each solution and solvent were measured 5 times and were recorded with an accuracy of ± 0.05 s. The time it took for a volume of polymer solution to flow through a thin capillary was compared to the time for a solvent flow. It turns out that the flow time for either is proportional to the viscosity, and inversely proportional to the density.
where the parameters with subscript s represents solvent and without subscripts represents solution.
When the concentration C, expressed in g/L, is sufficiently low, the viscosity of the solution is not much different from the viscosity of the pure solvent.
We define the relative viscosity denoted by  r to be the . Thus, to a very good approximation, the relative viscosity is a simple time ratio:
It is to be noted here that although the ratio of solution viscosity to solvent viscosity is dimensionless, it is customary to use the symbol  r for the relative viscosity.
We also define a "specific viscosity",  sp , to be the fractional change in viscosity upon addition of polymer given by the following equation.
. (4) where  sp =( - s ) / s We also define reduced viscosity,  red , and inherent viscosity,  in , by  sp /C and (ln  r )/C, respectively, 
where K H and K K are the Huggins and the Kraemer coefficients, respectively. The intrinsic viscosity, [] , which represents the hydrodynamic volume occupied by a given polymer mass, is defined as the limiting value of either the reduced viscosity,  red , or inherent viscosity,  in , as both the shear rate and polymer concentration, C, approach zero which is intended to reflect the influence of the polymer on the solvent when polymer-polymer interactions become progressively less significant. 22 Thus the intrinsic viscosity of polymer can be expressed mathematically as
The intrinsic viscosity depends on molecular weight and structure of the dissolved polymer, ionic strength and hydrophobicity of solvent, and temperature of the system. 15 The  sp and  r clearly depend on the concentration of the SBP in solutions. Measuring at zero concentration (C=0) would be useless, but this concept of extrapolating to C=0 is very important in polymer characterization and in thermodynamics generally. From the  red vs C data the SBP solutions showed a decreasing tendency with dilution of SBP, and this behavior can be attributed to the contraction of the molecules with dilution indicating an absence of charge-charge repulsions along the chain. The contraction of the molecules with dilution can also be attributed to the polymer solvent interaction. The positive slope appeared in the  red vs C data also indicates that distilled water used in this study act as poor solvent for SBP samples. In a poor solvent segments of a polymer molecule attract each other in solution more strongly than attract the sorrounding solvent molecules. The polymer molecule assumes a tighter configuration and the solution has a lower intrinsic viscosity.
As shown in Fig.1 , the  in= 1/Clnη rel shows a decreasing tendency with decreasing concentration with weaker positive slope. The  sp /C & 1/Clnη rel vs. C plot is a linear plot usually obtained for neutral polymer solution. After extrapolating to zero concentration, the both plots should have the same intercept, which is the intrinsic viscosity, [η] of this unmodified pectin's solution. In this study, such an attempt was made, however, the two plots did not have the same intercept. Therefore linear regression extrapolations to zero polymer concentration were carried out using reduced viscosity and inherent viscosity data. Table 3 Table 3 .
The values of [η] of both unmodified and modified SBP samples are shown in Fig. 3 where the [η] of modified SBP samples are plotted against the heating time. Although [η] is considered to be a measure of molecular weight, it is in fact a measure of the hydrodynamic volume occupied by a molecule. Therefore the decrease in intrinsic viscosity [η] , indicating a decrease in hydrodynamic volume occupied by a molecule or molecular aggregates composed of these molecules. This tendency can be explained as the following manner.
Sugar beet pectin chain backbone contains a higher content of proteinaceous materials bound to the side chains through covalent linkages. Since the intrinsic viscosity provides information on the overall size and shape of the molecule, it is a sensitive and simple indicator of denaturation. It is likely that heat treatment may cause the side chain of these samples at first to expand and then denature the proteinaceous material in SBP and therefore the pectin molecules in solution may take compact structure which in turn may decrease the polymer's viscosity-enhancing effect in solution.
The compactness of the heat treated SBP molecules may also due to side by side aggregation of Sugar beet pectin molecules due to hydrophobic interaction. At present we are investigating Scanning Electron Microscopy studies in order to clarify the association properties which will be reported soon. The decrease in intrinsic viscosity of biopolymers with other function such as with increasing ionic strength was attributed to conformational changes within the polymer, which could result in a more compact molecule. 
 
Thus, log-log plots of [η] against molecular weight have the intercept log(K) and slope a.
The slope contains information about the shape of the molecules: From this equation the molecular weight of a polymer can be determined from data on the intrinsic viscosity and vice versa. In our study the intrinsic viscosities of Sugar beet pectin samples were plotted as a function of the corresponding molecular weight of the samples. The molecular weight of the samples was supplied by the manufacturer which is measured using SEC-MALLS as shown in Table 2 . Fig. 4 shows such a plot where the intrinsic viscosity increases with the molecular weight as expected and the dependence of molecular weight and the intrinsic viscosity can be expressed by a power law. The power law exponent a was estimated as 1. Heating Time / Hours
Modified it to a semi-flexible conformation. 27 It is to be noted here that sugar beet pectin samples they used were without any modification by heat treatment. Taking into consideration of their results it can be suggested by our study that the modification by heat treatment promotes a conformational change of SBP from semi-flexible to stiff macromolecules. 
Estimation of overlap concentration of pectin molecules
The plot of reduced viscosity vs concentration of pectin may define two regions, i.e., dilute and semi-dilute, from an abrupt change in the slope of a straight line at critical concentration C*. The C* is also termed as overlap concentration and is a measure of molecular size and conformation of a polymer. The higher the molecular weight and the more rigid is the conformation and lower is the value of C*. However such an inflection point was not seen in Fig. 1 and Fig. 2 which indicates that the experiment was conducted in the dilute regime. The inflection point can be observed if we consider some more points in the higher concentration end.
Overlap concentration of polymer chains can also be estimated from the reciprocal of intrinsic viscosity since the intrinsic viscosity is proportional to the reciprocal concentration of monomers in a volume of a polymer chain. Hence, the coil size or radius of gyration of the polymer in a dilute solution can be evaluated using Although C*, estimated in eq. 11, is an adequate criterion for the onset of molecular interactions when the macromolecules are only slightly extended by flow, highly deformed molecules might entangle or otherwise interact at concentrations much lower than this.
A rough estimate of the overlap concentration of all the SBP samples using the eq. 11 has been done and listed up in the Table 4 .
Table. 4. Overlap concentration for different Sugar Beet Pectin (SBP) Samples
Since our experimental concentration range is between C=1.2510 -4 g/mL to C=1.0010 -3 g/mL, it is clear from Table 4 that our experiment was conducted within the dilute solution regime, i.e. we studied the behavior of individual molecule or aggregates made up of these SBP chains which is in consistent with the absence of any inflection point in the reduced viscosity vs concentration curve of Fig.1 and Fig. 2 .
IV. Conclusion
We carried out measurements of intrinsic viscosity for unmodified and modified SBP as well as comparing older studies. The data obtained clearly shows the effect of heat treatment on dilute solution properties of SBP. Several conclusions are drawn here: (a) Heat-treated SBP molecules are compact than the untreated one and the compactness increases with increasing heating time. Heat treatment may induce side by side aggregation of Sugar beet pectin molecules due to hydrophobic interaction.(b) Modified SBP molecules take anisotropic shape and behave like a stiff macromolecules. (c) The values of C* of SBP confirms that our experiment has been conducted within dilute regime and at concentrations exceeding about C* polymer molecules will touch and interpenetrate. These new information may provide insights as to better understand the modification of SBP macromolecule and use it in a wide variety of application in the field of bio-material science, food and pharmaceuticals.
